We use the observed polarisation properties of a sample of 26 powerful radio galaxies and radio-loud quasars to constrain the conditions in the Faraday screens local to the sources. We adopt the cosmological redshift, low-frequency radio luminosity and physical size of the large-scale radio structures as our 'fundamental' parameters. We find no correlation of the radio spectral index with any of the fundamental parameters. The observed rotation measure is also independent of these parameters suggesting that most of the Faraday rotation occurs in the Galactic foreground. The difference between the rotation measures of the two lobes of an individual source as well as the dispersion of the rotation measure show significant correlations with the source redshift, but not with the radio luminosity or source size. This is evidence that the small-scale structure observed in the rotation measure is caused by a Faraday screen local to the sources. The observed asymmetries between the lobes of our sources show no significant trends with each other or other source properties. Finally, we show that the commonly used model for the depolarisation of synchrotron radio emission by foreground Faraday screens is inconsistent with our observations. We apply alternative models to our data and show that they require a strong increase of the dispersion of the rotation measure inside the Faraday screens with cosmological redshift. Correcting our observations with these models for redshift effects, we find a strong correlation of the depolarisation measure with redshift and a significantly weaker correlation with radio luminosity. We did not find any (anti-)correlation of depolarisation measure with source size. All our results are consistent with a decrease in the order of the magnetic field structure of the Faraday screen local to the sources for increasing cosmological redshift.
INTRODUCTION
The large-scale radio structure of radio galaxies and radio-loud quasars is created by the interaction of powerful jets with the gaseous environment of their host galaxies. The jets themselves are produced in the immediate vicinity of supermassive black holes at the centres of the host galaxies. Because radio radiation is not easily obscured, luminous radio-loud AGN are in principle ideal objects to study the co-evolution of supermassive black holes and their large-scale environments throughout the universe. However, determining the properties of the gas in the surroundings of these objects is not straightforward and a number of techniques have been applied in the past.
Galaxy counts around individual host galaxies can be used to determine the galactic environment, field, group or cluster, of the radio source (e.g. Hill & Lilly, 1991; Wold et al., 2000) . Obviously the density of galaxies does not directly yield a constraint on the ⋆ email: j.goodlet@talk21.com properties of the gas in between the galaxies. A relation of galaxy to gas density must be assumed.
The properties of the large-scale radio structure are shaped by the density of the gas the jets are ploughing into. The redshift distribution of, for example, the linear sizes of the lobes of radio galaxies of type FRII (Fanaroff & Riley, 1974) in complete samples can be used to constrain the properties of the source environments (e.g. Kaiser & Alexander, 1999; Blundell et al., 1999) . Detailed fitting of two-dimensional radio maps can also be applied to individual sources (Kaiser, 2000) . However, the determination of the gas density from the source size is always model-dependent. Although most models for the evolution of radio lobes employ some form or other of ram pressure equilibrium between the jets and the receding gas in the source environment, the model details introduce considerable uncertainty in the estimates of the gas density.
The gas surrounding the lobes of radio galaxies consists of a magnetised plasma which acts as a Faraday screen for the radio synchrotron emission of the lobes. By studying the polarisation properties of the radio emission, we can investigate the properties of this screen. The observable rotation measure caused by the Fara-day screen depends only on the density of the plasma and also on the strength and orientation of the magnetic field in this material. Despite this degeneracy, we can hope to probe the properties of the gas in the source environments directly. The aim of the present paper is to use this tool to study a sample of 26 powerful radio sources defined in Goodlet et al. (2004, hereafter G04) . In order to break the degeneracy due to Malmquist bias between radio-luminosity and redshift observed in previous studies (e.g. Kronberg et al., 1972; Leahy et al., 1986) , we defined 3 subsamples of sources chosen from the 3C and 6C/7C catalogues. This selection enables us to investigate any trends of the polarisation properties of our sources with redshift and/or radio luminosity independently.
In Section 2 we briefly describe our sample and the statistical methods we use. We also present the observational data that forms the basis for the subsequent analysis. Section 3 investigates trends of the polarisation properties with 'fundamental' source parameters such as redshift, radio luminosity and linear size. Asymmetries between the properties of the two lobes of each source are discussed in Section 4. In Section 5 we show that the polarisation properties of our sources are inconsistent with the commonly used model by Burn (1966) for external Faraday screens. We then apply the more sophisticated models proposed by Tribble (1991) to our data. Finally, Section 6 summarises our main conclusions.
Throughout this paper we use a cosmological model with H 0 = 75 km s −1 Mpc −1 , Ω m = 0.35 and Ω Λ = 0.65.
DATA AND STATISTICAL METHODS

Sample description and observables
Our sample of 26 sources is divided into three subsamples. Sample A was defined as a subsample chosen from the 6CE (Eales et al., 1997) subregion of the 6C survey (Hales et al., 1990) , and the 7C III subsample (Lacy et al., 1999) , drawn from the 7C survey (Pooley et al., 1998) . The selected sources have redshifts 0.8 < z < 1.3, and radio luminosities at 151 MHz of 6.5 × 10 26 W Hz −1 < P 151MHz < 1.35 × 10 27 W Hz −1 . Sample B was defined as a subsample from the revised 3CRR survey by Laing et al. (1983) containing sources within the same redshift range but with luminosities in the range 6.5 × 10 27 W Hz −1 < P 151MHz < 1.35 × 10 28 W Hz −1 . Sample C is also from the 3CRR catalogue; it has the same radio luminosity distribution as sample A, but with 0.3 < z < 0.5. For full details on the sample selection and the data reduction see G04.
In the following we will use source properties derived from the observations: Spectral index, rotation measure and depolarisation. All these properties were averaged over individual lobes. We define the spectral index, α, by S ν ∝ ν α . The depolarisation measure, DM, is defined as the ratio of the percentage polarised flux at 4.8 GHz and the percentage polarised flux at 1.4 GHz. The rotation measure, RM, is related to the degree of rotation of the polarisation position angle over a set frequency range, in our case from 1.4 GHz to 4.8 GHz. All source properties used here were determined for individual sources in G04.
The angular resolution of our observations is limited by the need for information on the position angle of the plane of polarisation at 1.4 GHz. For sources with lobes where the degree of polarisation is uniform and the polarisation angle does not change on small scales, we can be confident that our measured depolarisation measures are accurate. However, some sources may exhibit polarisation structure on small angular scales below our resolution limit and for these sources our measurements will be affected by beam depolarisation. Comparing our maps for the sources at low redshift presented in G04 with the higher resolution maps of Gilbert et al. (2004) , obtained mainly at 8 GHz, we find a few sources where beam depolarisation may play a role. Examples include 3C 351 and the northern lobe of 3C 46. Our general impression for this subsample is that sources with distorted lobe structures may suffer from beam depolarisation. This should be borne in mind in the following analysis. Unfortunately, in the absence of better data, particularly for the sources at higher redshifts, it is not possible to quantify this effect.
The difference in the spectral index, depolarisation and rotation measure over the lobes is given by dα, dDM and dRM respectively. All differential properties are taken to be the difference of the averages over individual lobes. The rms-variation or dispersion of the rotation measure across a lobe is defined by σ RM .
In G04 we argue that the average rotation measure of the sources, RM, is mainly caused by the interstellar medium in the Galaxy rather than the material in the vicinity of our sources. However, fluctuations in the Faraday screen in the source environment will give rise to the observed variations of RM across the source on smaller spatial scales as measured by dRM and σ RM , as well as the depolarisation, DM. Thus we need to correct for the redshift dependence of these quantities. We correct dRM and σ RM to the sources' frame of reference by multiplying the measured values by (1 + z) 2 .
Note that this factor only corrects for the wavelength dependence of RM. It does not correct for the resolution effects discussed in Section 5. We also adjust DM and dDM to their values appropriate for a uniform cosmological redshift z = 1. The latter adjustment requires a model for the structure of the Faraday screen local to the source which gives rise to these measurements. We initially apply the commonly used model presented in Burn (1966, hereafter B66) , but discuss alternative, potentially more accurate models that also affect our measurements of σ RMz in Section 5. The adjusted quantities are labelled dRM z , σ RMz , DM z and dDM z . We summarise the observed properties of all sources in our sample in Table 1 . Table 1 . Observational properties of the sources in our sample. P 151 is the radio luminosity at 151 MHz, D the physical size of individual lobes and S 4.8 is the radio flux at 4.8 GHz. σ RMz is the dispersion of the rotation measure corrected for redshift effects. DM z is the depolarisation adjusted to a common redshift of z = 1 using the model of Burn (1966) . All data taken from G04.
Statistical methods
In this paper we use the Spearman Rank test (SR), the Partial Spearman Rank test (PSR) and Principal Component Analysis (PCA). SR is a non-parametric correlation test which assigns a rank to given source properties, say X and Y, and computes the coefficient of the correlation, r XY , between the ranks. By definition −1 ≤ r XY ≤ 1, where negative values of r XY indicate an anticorrelation. The null hypothesis that no correlation is present corresponds to r XY = 0 and in general r XY has a Student-t distribution. A (anti-)correlation with a confidence level exceeding 95% will result in a Student-t value greater than 2 for the size of our sample (e.g. Riley et al., 1997) . PSR tests whether a correlation between properties X and Y is due to independent individual correlations of X and Y with a third property Z (e.g. Macklin, 1982) . The correlation coefficient, r XY,Z , increases (decreases) from zero if the correlation (anti-correlation) is predominantly between X and Y, independent of Z. The positive significance of the (anti-)correlation is measured by D XY,Z .
PCA is a multi-variate statistical test (e.g. Deeming, 1964; Efstathiou & Fall, 1984) . PCA is a linear self-orthogonal transformation from an original set of n objects and m attributes forming a n × m matrix, with zero mean and unit variance, to a new set of parameters, known as principal components. The principal components of the new dataset are all independent of each other and hence orthogonal. The first component describes the largest variation in the data and has, by definition, the largest eigenvalue of the n × m matrix. In physical terms the magnitude of the eigenvalue determines what fraction of the variance in the data any correlation describes. Thus a strong correlation will be present in the first eigenvector and will only strongly reverse in the last. PCA in its simplest terms is an eigenvector-eigenvalue problem on a transformed, diagonalised and standardised set of variables. n objects will create an eigenvector-eigenvalue problem in n − 1 dimensions. To avoid problems with the interpretation of our results, we do not use more than 4 parameters in any part of the analysis.
TRENDS WITH REDSHIFT, LUMINOSITY AND SIZE
The aim of our analysis is to investigate any trends with redshift and/or radio luminosity of observables that may depend on the properties of the gas surrounding the radio lobes of our sample sources. Another important parameter that may influence our results is the physical size of the radio lobes. Because we expect significant gradients for the gas density in the typical environments of sources, the properties of small sources will clearly be shaped by very different conditions than those of large sources, even if the overall gaseous environment is the same. Many studies have investigated the dependence of the average size of sources as a function of redshift and radio luminosity in complete samples of sources (e.g. Singal, 1988; Barthel & Miley, 1988; Kapahi, 1989; Singal, 1993; Neeser et al., 1995; Kaiser & Alexander, 1999; Blundell et al., 1999) . This is not the purpose of the study presented here. Our sample is not complete and sources were selected in order to cover an equal range of physical sizes within our sample limits of redshifts and radio luminosities.
In the following we will refer to the redshift, z, radio luminosity at 151 MHz, P, and the physical size, D, as the 'fundamental' source parameters. In order to better understand the correlations of other observables with the fundamental parameters, we first need to investigate any correlations between them. This analysis also serves as a useful test of the robustness of our sample selection. Table 3 . Spearman Rank coefficients for the correlations between spectral index, α, and difference of spectral index between lobes, dα, and the fundamental parameters. Table 2 illustrates the relations between the fundamental parameters in our sample. Clearly, redshift and radio luminosity are strongly correlated, but this correlation simply follows from our sample selection. Using the statistical techniques described above, we can isolate this correlation from others. In fact, it provides us with a 'bench mark' for other correlations.
The SR results also imply a weak anti-correlation between the redshift of a source and its physical size. However, the PSR results show that the relation between the three fundamental parameters is more complex than a simple anti-correlation between z and D. We also found that the anti-correlation disappears if the two exceptionally large sources 3C 46 and 3C 457, both at low redshifts, are removed from the sample. In practice, the z-D anti-correlation is too weak to introduce any significant bias into our results. We therefore conclude that our sample contains a sufficient range of physical sizes at each redshift and radio luminosity.
In the following we investigate not only the observed source properties, but also differences of these properties between the two lobes of each source. Clearly there are twice as many direct measurements of, say, the spectral index of individual lobes, than measurements of the difference of the spectral index between the lobes. To avoid complications with the different number of measurements, we always use values for all source properties averaged over the entire source.
Spectral index
The dependence of the spectral index. α, on the fundamental parameters for radio galaxies of type FRII has been investigated by various authors. Véron et al. (1972) and Onuora (1989) find a strong spectral index-radio luminosity correlation, but no corresponding correlation with redshift. Interestingly Athreya & Kapahi (1999) find a strong correlation of spectral index with redshift, but no significant correlation with radio luminosity. Finally, Blundell et al. (1999) find that α is anti-correlated not only with radio-luminosity, but also with source size. They found that in general, larger sources had a steeper spectral index.
In our sample there is no clear trend of the spectral index with any of the fundamental parameters (Tables 3 and 4) . The difference in the spectral index of the lobes, dα, also shows no significant correlations with the fundamental parameters. The absence of the Table 5 . Spearman Rank coefficients for the correlations between rotation measure, RM, the difference of the rotation measure between lobes, dRM, and the dispersion of the rotation measure, σ RMz , and the fundamental parameters.
trends claimed in the literature from our sample is probably due to the small sample size.
Rotation measure
The SR results in Table 5 show that there are no strong correlations of the fundamental parameters with rotation measure, RM. In every case the correlation is below 95% significant. The PCA results in Table 6 also demonstrate that the RM of a source does not depend on the size, redshift or the radio luminosity of the source. This is consistent with our interpretation that the observed RM is caused by the Galactic magnetic field and not by Faraday screens local to the sources (G04; Leahy 1987) . The difference in the rotation measure, dRM z , between the two lobes of a given source and the dispersion of the rotation measure, σ RMz , are probably caused locally to the source and have therefore been corrected to the sources' frame of reference (G04). There is a dRM z -z correlation present in the SR results, (see Table 5 ), but it is weaker in the PCA results where the correlation is strongly reversed in the 3rd eigenvector (see Table 6 ). Figure 1 shows that in principal we should find a strong dRM z -z correlation. However, the presence of the source 3C 299 at low redshift, but with a large value of dRM z weakens this trend. The large value of dRM z for 3C 299 is due to a lack of polarisation information in one lobe. Removing this source strengthens the correlation giving r dRM,z = 0.632 which corresponds to a significance of 99.98%.
σ RMz measures variations of the Faraday screen on scales smaller than dRM z , which may in principle be influenced by the Galactic Faraday screen. However, it is interesting to note that dRM z correlates strongly with σ RMz (see Figure 2) . So the two pa- rameters may sample the same, local Faraday screen even if dRM z may still contain some Galactic contribution. σ RMz shows a strong correlation with redshift, > 99.9% significance, and a weak anti-correlation with D. The σ RMz -z correlation also strengthens with the removal of 3C 299, becoming r σ RMz ,z = 0.767 which corresponds to a significance exceeding 99.99%. These correlations are more obvious when the PCA results are considered (see Table 6 ). The first eigenvector contains 51% of the variation in the data and shows a strong z-σ RMz correlation and a weaker D-σ RMz anti-correlation. The D-σ RMz anti-correlation reverses in the third eigenvector indicating that it is a considerably weaker trend compared to the z-σ RM correlation which only reverses in the last eigenvector. The PSR results in Table 7 confirm that there are no significant correlations with radio luminosity for both dRM z and σ RMz .
In a survey of 27 high redshift sources Pentericci et al. (2000) found that the Faraday rotation was independent of size or ra- dio luminosity, but also showed that the number of sources with high levels of Faraday rotation increased with redshift. The results from Pentericci et al. (2000) use the RM of a source in the sources' frame of reference. As noted in G04 and above, the RM observed in our sources is dominated by contributions from the Galaxy. Therefore we cannot directly compare our results with those of Pentericci et al. (2000) . Also note that the sample of Pentericci et al. (2000) contains only sources at considerably higher redshifts than our sample. The trend reported in Pentericci et al. (2000) indicates that the strength of the magnetic field and/or the density of the environment is increasing with redshift. Which effect dominates cannot be decided from RM measurements alone. Similarly, we use σ RMz and dRM z which also do not provide us with a direct measurement of the density or the strength of the magnetic field in the vicinity of our sources. However, our indicators depend strongly on the degree of order in the direction of the magnetic field in the local Faraday screen. Thus our results point towards a trend for more chaotic magnetic field structures in the source environments at higher redshift.
Depolarisation
Depolarisation arises from structure of the magnetic field in the Faraday screen at scales below the telescope resolution. In the previous Section we already found that the measured dispersion of RM is correlated with the redshift of the source, indicating that the small-scale structure in the RM arises from a Faraday screen local to our sources. Therefore we expect that the depolarisation also correlates with redshift in our sample. Clearly we must also correct our measured DM values for redshift effects. In this Section we apply the commonly used model of B66 to adjust DM and dDM to a common redshift of z = 1 for all our sources to allow for a direct comparison. In Section 5 we will investigate alternative models. There is little difference between the redshift and the radio luminosity correlations with the average adjusted depolarisation, taken over the source as a whole, DM z , (see Table 8 ) as both correlations show significance levels in excess of 99.9%. There is also an indication of a DM z -D anti-correlation, but this trend is not significant. We use the Partial Spearman Rank test to determine if the P-DM z correlation can be explained by the independent z-DM z and z-P correlations (see Table 10 ). Again we find little difference between the redshift and radio-luminosity correlations. This result is also confirmed by the PCA results in Table 9 . Figure 3 shows that the higher redshift sources display, on average, a larger degree of depolarisation and also a much larger spread of depolarisation at any given redshift compared to their low redshift counterparts. There is little difference in the range of DM z between sources with very different radio luminosity (see Figure 4) . However, this result may be caused by only two sources of low radio luminosity and exceptionally high values of DM z . Previous studies of the correlation of depolarisation with redshift and/or radio luminosity are also inconlusive. Morris & Tabara (1973) found depolarisation to correlate with radio luminosity whereas Kronberg et al. (1972) found the correlation was predominantly with redshift. In view of the stronger correlation of σ RMz with redshift it is surprising that DM z does not show a correlation with redshift that is significantly stronger than the correlation with radio luminosity. However, we show in Section 5 that this result depends on which model for the local Faraday screen is used to correct for redshift effects.
The difference in the depolarisation over the source, dDM z , shows a stronger trend with redshift than the overall depolarisation, DM z (Tables 8 and 9 ). The PSR results, Table 10 , indicate a significant correlation between redshift and dDM z at any given radio luminosity. The corresponding P-dDM z correlation is considerably weaker at a given redshift. Table 8 shows a weak DM z -D anti-correlation. The PCA results in Table 9 confirm that this result is not very significant. However, a DM z -D anti-correlation has been reported by Strom (1973 Strom (1973) , Strom & Jägers (1988) and Ishwara-Chandra et al. (1998) are at a lower resolution than our measurements and thus their different findings may be due to this resolution difference. The observations by Best et al. (1999) are at a higher resolution, but also at higher frequencies (4.8 GHz to 8.4 GHz) and so we would expect any depolarisation trends to be stronger in this sample. Both P89 and Dennett- Thorpe (1996) however observe the same frequency range and with the same spatial resolution as in our sample. Even when our results from sample B, which are taken at the most similar redshift and radio-luminosity range to those of P89, are analysed separately, we still find no trend with size. There is no obvious difference in the selection of the P89 sample and our sample B, except that P89 chose their sample from sources which had strong emission lines. By preferentially selecting sources with strong emission lines P89 have chosen sources with jet axes close to our line of sight. This selection may strengthen any D-DM correlation found. However, we do not have a convincing physical explanation why our results differ from the ones of P89 because of this selection criterion.
It is usually assumed that radio sources are located in stratified atmospheres. Therefore a small source will be embedded in denser gas which acts as a more efficient Faraday screen. As the source expands the lobes will extend beyond the denser inner atmosphere, thus reducing the amount of depolarisation observed. In the beginning of Section 3 we showed that there is no significant z-D anticorrelation in our sample. Therefore the lack of a pronounced DM z -D anti-correlation suggests that there is no significant difference in the source environments at any redshift as the sources become larger. This may be evidence that the environments of our sources are relatively homogeneous with little stratification. The lack of an anti-correlation between the source size, D, and dDM z (see Tables  8 and 9 ) is consistent with this idea.
SOURCE ASYMMETRIES
In Section 3 we investigated the trends of observables averaged over the entire structure of our sources with respect to redshift, total low-frequency radio luminosity and overall source size. In this Section we study in detail the asymmetries between the lobes of our sources, in particular how differences in the lengths and radio fluxes of lobes of individual sources relate to asymmetries in other observable properties. In the following discussion on possible mechanisms that could give rise to asymmetries between the two lobes of a source, we assume that the two jets of a given source are not significantly different from each other in terms of their energy transport rate.
The angle at which a source is orientated to the line-of-sight affects the projected lobe length. Because of finite light travel times sources orientated at a small angle will have lobes that appear more asymmetrical than sources at a large angle, assuming there are no differences between the environments of the two lobes. Assuming a source is oriented at an angle θ to the line-of-sight, then the ratio of lobe lengths, D 1 /D 2 , is given by (e.g. Longair & Riley, 1979 )
where v • is the velocity at which the hotspot is moving away from the nucleus and c is the speed of light. The orientation of a source will also induce asymmetries in the the rotation measure and the depolarisation (e.g. Garrington & Conway, 1991) . In a simple orientation model emission from the lobe pointing away from the observer will have a longer path length through the local Faraday screen and thus any depolarisation measurements of this lobe would be larger than the lobe pointing towards the observer, which is referred to as the Laing-Garrington effect. The motion of material in the radio hotspots at the end of the lobes of FRII-type sources is likely to be relativistic. Relativistic beaming can therefore also cause asymmetries in a source, independent of path length through the Faraday screen. As the hotspot becomes increasingly more beamed, i.e. θ → 0, the lobe ratio increases. The flat radio spectrum of the hotspot will begin to dominate the flux and spectral index in the beamed lobe. Thus as relativistic beaming becomes more dominant in a source, the beamed lobe will become brighter, longer and its spectrum flatter than the receding lobe. Liu & Pooley (1991a) also find for sources in their sample that the least depolarised lobe has a flatter spectrum.
Finally, differences in the environments of the two lobes may also introduce asymmetries. For example, theoretical models for the evolution of radio lobes predict that denser environments lead to shorter and brighter lobes with steeper spectral indices (e.g. Kaiser et al., 1997) . A jet with a given energy transport rate will expand more slowly in a dense environment compared to the situation in less dense surroundings. The pressure in the lobe as well as the strength of the magnetic field will be higher. The increased strength of the magnetic field will lead to increased energy losses of the radiating relativistic electrons, resulting in a steeper spectral index. Thus a source situated in an environment with an asymmetrical density distribution will develop asymmetrical lobes. In the following we will use the lobe asymmetries observed in our sample in an attempt to distinguish between these possibilities.
In Section 3 we only used the overall physical size of our sources, D. We now need to measure the lengths of individual lobes. In about half of our sources we do not detect a radio core at our two observing frequencies. In these cases, wherever possible, we used previously published maps to establish the core position. However, in several sources, most notably 3C 16, no core is reported in the literature. We estimated the location of the core position by using the most likely core position from the literature (Liu & Pooley, 1991b ). This approach is not ideal, but as our maps are not of very high resolution, the values calculated for the lobe length will only be approximations to the true lengths in any case.
In Section 3 we adjusted the measured depolarisation to a common redshift of z = 1. For this correction the we had to assume a specific underlying structure of the Faraday screen. Here we compare the two lobes of a given source and so we can use the uncorrected depolarisation to avoid any model dependence. This choice is consistent with previous studies (P89 ; Liu & Pooley 1991a; Garrington & Conway 1991) which also used the observed, uncorrected depolarisation. Figure 5 shows the ratio of lobe lengths as a function of overall physical size of the sources. Most of our sources are quite symmetric and there is no tendency for smaller sources to show larger lobe length asymmetries than larger sources.
Lobe length and radio flux
We use the radio flux at 4.8 GHz in our study of the source asymmetries, since it has lower noise levels than the 1.4 GHz data (G04). Figure 6 demonstrates that for all sources the flux of the brighter lobe is tightly correlated with the flux of the fainter lobe. In a few cases the flux of the fainter lobe is much smaller than the flux of the brighter lobe. Three of these very asymmetrical sources are quasars, 3C 351, 3C 68.1 and 3C 16, the jet axes of which are pre- sumably closely aligned with our line of sight probably leading to the large flux asymmetry. The radio galaxies 3C 299 and 3C 268.1 also show a large flux asymmetry. The pronounced asymmetry of 3C 299 was also noted by McCarthy et al. (1995) , who suggest that despite its low redshift the source shows characteristics of a high redshift (z >1) radio galaxy. We also find 3C 299 to have a σ RM comparable to the high redshift samples. Harvanek & Stocke (2002) noted that 3C 299 has lobes of very different lengths. In fact, it is the source with the largest length asymmetry in our sample. The other four sources showing a large flux asymmetry do not have unusual lobe ratios. However, it should be noted that the cores in 3C 68.1 and 3C 16 have not been detected in our observations or previously. Bridle et al. (1994) do marginally detect a core in deeper observations of 3C 68.1 and we have used their core position in determining the lobe lengths of this source. To further aggravate the problem, both, 3C 16 and 3C68.1, have very faint lobes and so it is hard to determine where exactly the lobe terminates. However, it is worth noting that when the 5 unusual sources are removed from consideration there is no significant trend for the sources with a large flux ratio to also show strong length asymmetries (see Figure 7) . This argues against the interpretation that the source asymmetries are caused by differences in the gaseous environments of the two lobes of a source.
We do not find any trends of the flux asymmetries with either redshift or radio luminosity.
Spectral index
The spectral index ratio shows no correlation with the lobe length ratio (see Figure 8 ). If differences in the gaseous environment of the lobes were the source of the observed asymmetries, then we would expect that the lobe located in the denser environment is shorter and has a steeper radio spectrum (e.g. Kaiser et al., 1997) . This result therefore argues against different lobe environments. However, it is consistent with relativistic beaming of the flat-spectrum hotspot emission, if the lobe length asymmetry is due to only small differences in the gas density of their environments.
Neglecting the five sources with unusually large flux asymmetries, we find that in sources with a large flux asymmetry the brighter lobe has a flatter spectral index than the fainter lobe (see Figure 9 ). For more symmetric sources the range of the spectral index ratio is larger with a weak tendency for the brighter lobe to have a steeper spectral index than the fainter lobe. Both results are again consistent with asymmetries arising from relativistic beaming of the hotspot emission. Lobes for which beaming is more important will be dominated by their bright hotspots which have a flat radio spectrum. Relativistic beaming is less important for sources oriented close to the plane of the sky. For these objects small differences in the density of the lobe environments may lead to a brighter lobe with a steeper spectrum located in the denser surroundings.
Liu & Pooley (1991a) study a sample of 13 sources, for 12 of which the lobe with the steeper spectrum is also the most depolarised lobe. Figure 10 illustrates that only 14 of our 26 sources are consistent with this trend. However, our findings are consistent with those of Ishwara-Chandra et al. (2001) who also find only 58% of radio galaxies and 59% of quasars in their much larger sample to agree with the result of Liu & Pooley (1991a) . The distribution in Figure 10 suggests that sources with a larger spectral index asymmetry are more likely to follow the proposed trend. Again this is consistent with the asymmetries arising from relativistic beaming of the hotspot emission. In this scenario, the lobe with the steeper spectral index points preferentially away from the observer. The radio emission from this lobe has to traverse a longer path through Figure 11 . Plot of the depolarisation measure ratio against the lobe length ratio. For sources above the dotted line the larger lobe is also more depolarised. Figure 12 . Plot of the depolarisation measure ratio against the flux ratio at 4.8 GHz, omitting the sources with an exceptional flux asymmetry, 3C 299, 3C 268.1, 3C 16, 3C 351 and 3C 68.1. For sources above the dotted line the brighter lobe is also more depolarised.
the surrounding medium which acts as a Faraday screen, leading to greater depolarisation.
Depolarisation
In Figure 11 we compare the depolarisation measure ratio with the ratio of the lobe lengths. For 16 of our 26 sources the larger lobe is also more depolarised. Our result disagrees with the findings of P89 and Liu & Pooley (1991a) , but is consistent with Dennett-Thorpe (1996) . The cause for this difference may be the different sample selection criteria, but the trend is not very strong in any of the studies considered here.
The same is true for the relation between the depolarisation measure ratio and the flux ratio (see Figure 12) . Neglecting the five sources with large flux ratios, for 13 of the remaining 21 sources the brighter lobe is less depolarised. Although this is consistent with the beaming scenario, the trend is not very significant.
In summary the trends we find in our sample favour relativistic beaming of the hotspots as the underlying mechanism giving rise to the observed source asymmetries. However, none of the trends is very significant and so our results should be treated with caution.
DEPOLARISATION BEYOND BURN'S LAW
Depolarisation of radio synchrotron emission by a Faraday screen external to the radiation source arises from the inhomogeneity of the magnetic field in the screen combined with limited spatial resolution of the observations. Let the magnetic field and gas density in the Faraday screen be coherent in 'cells' of a typical size s 0 . The physical size of the telescope beam at the position of the source is t. For t ≪ s 0 we resolve the Faraday screen and no depolarisation takes place. In fact, by mapping the rotation measure, we are mapping the structure of the Faraday screen in this case. However, usually t is comparable to or larger than s 0 and so one beam contains several cells with different position angles of the polarisation vector, p. The average polarisation, < |p| >≡ p, is therefore reduced by the partial cancellation of polarisation vectors associated with individual cells within the beam. Clearly, the physical size of the telescope beam depends on the redshift of a source and so p depends in general on z even if the structure of the Faraday screen does not change as a function of redshift.
In previous sections we have used Burn's law (B66) to correct our measured depolarisation for redshift effects. However, this model of the external Faraday screen only applies if the structure of the Faraday screen is Gaussian and, more importantly, if s 0 ≪ t, i.e. for cases where the structure of the Faraday screen is completely unresolved. For Cygnus A Carilli & Barthel (1996) report coherent RM fluctuations on scales of s 0 ∼ 10 kpc from observations resolving individual cells. At least in this source we have s 0 ∼ t and Burn's law does not apply.
Alternatives to Burn's law
If we cannot assume that s 0 ≪ t, we need to take into account the autocorrelation or structure function of the rotation measure cells in the external Faraday screen to derive estimates for the observed RM and polarisation properties of our sources. We follow the approach by Tribble (1991, hereafter T91) , assuming a Gaussian random RM field with dispersion σ and three different structure functions, D(s), where s measures physical distance projected on the plane of the sky. Also, because of the limit set by the resolution of our observations at wavelength λ, the RM dispersion we measure, σ RMz , is not equal to the underlying, 'true' dispersion, σ. In detail we have:
• Quadratic structure function with
leading to
• Gaussian autocorrelation function with
leading to 
• Power-law autocorrelation function with
Here we used the definitions β = s 2 0 /2t 2 , γ = 4σ 2 λ 4 and
for the incomplete Γ-function. The polarised flux can be obtained from p 2 =< |p| 2 > for a Gaussian telescope beam.
The physical size of the telescope beam at the source location, t, is given by the resolution of the telescope and the adopted cosmological model. The quadratic and Gaussian structure functions then have two free parameters, the typical cell size, s 0 , and the dispersion of the Gaussian random field assumed for the RM structure, σ. The power-law structure function contains a third parameter, the exponent of the power-law, m. T91 suggests m = 2 in his analysis, but other values may apply in different sources. Since for the power-law model we have p ∝ λ −4/m (T91), we can estimate m for sources with measured polarised fluxes at widely spaced wavelengths. Fitting this prediction to the observations of a small sample of radio galaxies observed at 1.4, 4.8 and 8.4 GHz (Akujor & Garrington, 1995) , we find 1 ≤ m ≤ 4. In the following we use m = 4 and m = 2.
Dispersion of rotation measure
For a given set of model parameters s 0 and σ we calculate from equations (3), (5) and (7) the expected observed RM dispersion, σ RM , for each source. We compare this model prediction with the observed value of σ RMz and calculate the χ 2 -deviation of the model for each source. We then minimise the overall χ 2 -value for the entire sample by varying s 0 and σ. In the following we do not aim for a formal best-fitting model. We are only interested in the general form of models that are consistent with the data.
Implicitly we assume here that both model parameters do not vary with redshift and are the same for all sources. The expressions for σ RMz then lead to σ RMz ∼ 0 for t < s 0 and σ RMz ∼ σ for Table 11. t > s 0 with a very steep rise in between. Since t increases as z increases, the very rapid transition of σ RM from zero to σ must occur at some finite redshift. As Figure 13 shows, our data are not consistent with this behaviour. Incidentally, the usually assumed model of B66 would predict the same behaviour of σ RM as the models of T91 with constant σ and s 0 discussed here. Thus our data are inconsistent with this model. Given our data, clearly either s 0 or σ or both must vary with redshift. Therefore we introduce a third model parameter by setting either σ = const. and s 0 = s z=0 (1 + z) µ or, alternatively, s 0 = const. and σ = σ z=0 (1 + z) µ . Figures 13 and 14 show the model results in comparison with our observations. Note here that our models cannot fit all data points. However, the plots indicate that all of the models are roughly consistent with the data and that either the dispersion, σ, or the typical cell size, s 0 , or both must be strong functions of redshift (see Table 11 ). None of the models discussed here fits the data significantly better than the others. In fact, the model parameters are quite similar between the models. Therefore measurements of σ RMz alone do not rule out any of the models. However, it is also clear that a model varying both parameters σ and s 0 with redshift will not provide a significantly improved fit.
Depolarisation
From equations (3), (5) and (7) we can also derive model predictions for the polarised flux at our two observing frequencies, 1.4 GHz and 4.8 GHz. The ratio of the two provides us with a model estimate of the depolarisation, DM, which we compare with our observations. We use the best-fitting model parameters of the previous Section, summarised in Table 11 . Figure 15 demonstrates that models with a variation of the typical cell size, s 0 , fail to explain the observations. The expected depolarisation significantly exceeds the observed values in all cases. Although these models provide adequate fits to the observed dispersion of the rotation measure, they do not predict the correct behaviour of the percentage polarisation as a function of observing frequency. Models with a constant cell size s 0 , but varying disper- Table 12 . Spearman Rank coefficients for the correlations between depolarisation, DM z and the fundamental parameters. The depolarisation is now adjusted using the best-fitting model with a power-law autocorrelation function with m = 4. Note that the coefficients are given for depolarisation averaged over the entire source.
sion σ provide a better description of the observations (Figure 16 ). The depolarisation predicted by all models at high redshifts is still somewhat higher than that observed. However, models for which the dispersion of the rotation measure is a strong function of redshift are clearly preferred compared to those with a varying typical cell size. We find that our data are reasonably described by a model assuming a power-law autocorrelation function with exponent m = 4 and a dispersion varying with redshift as σ = 5.1 (z + 1) 4.6 rad m −2 .
We now use this model instead of the model proposed by B66 to adjust the measured depolarisation of our sources to the common redshift z = 1. The adjusted values DM z show a strong correlation with redshift and a weaker correlation with radio luminosity (see Table 12 ). If the observed depolarisation of our sources is caused by small-scale structure in a Faraday screen local to the sources, then we would expect both σ RMz and DM z to correlate with redshift. In Section 3 we found only σ RMz to show this trend, but not DM z . The results of this Section suggest that the depolarisation model of B66 used in Section 3 is inadequate in describing our observations. For more accurate models we indeed find that both σ RMz and DM z correlate with redshift. This result strengthens our conclusion in Section 4.3 that the predominant effect changing the polarisation properties of our sources as a function of redshift is the increasing disorder in the structure of the magnetic field in the local Faraday screen of the sources. This decrease in the order of the magnetic fields is reflected in the strong increase in the dispersion of the rotation measure fluctuations in the Faraday screens, σ, with redshift. The change with redshift in the 'true' dispersion, σ, gives rise to the behaviour of the observed dispersion, σ RMz , and the observed depolarisation, DM z .
SUMMARY AND CONCLUSIONS
In this paper we investigate in detail radio observations of a sample of 26 extragalactic radio sources of type FRII. The original observations and data reduction are discussed in G04. The observed spectral index, α, the structure of the rotation measure, RM, and depolarisation, DM, of our sources provide us with information on the conditions in the Faraday screens local to the sources. We first adopt the cosmological redshift, the low frequency radio luminosity and the physical size of our sources as the 'fundamental' parameters. We find that the radio spectral index shows no significant correlations with any of the fundamental parameters. The same holds for the rotation measure. The latter result is consistent with our suggestion in G04 that most of the rotation of the plane of polarisation occurs in our Galaxy. On smaller scales the difference of the rotation measure between the two lobes of each source, dRM z , and the dispersion of the rotation measure, σ RMz , both correlate with redshift and with each other. Thus we conclude that the variations of RM on small scales is caused by a Faraday screen local to the source. The redshift correlations also imply that the properties of these local Faraday screens change as a function of cosmic epoch. There is no independent correlation of dRM z or σ RMz with radio luminosity or source size.
The small-scale structure of the rotation measure gives rise to the measured depolarisation of the sources. We initially use the model of B66 for the Faraday screens to convert from the measured DM to DM z , which we would measure if all our sources were located at the same redshift z = 1. The redshift dependence of dRM z and particularly σ RMz should lead to a similar correlation of DM z with z. However, although such a correlation is present in our data, it is not significantly stronger than the independent correlation of DM z with radio luminosity. We argue in Section 5 that the model of B66 is inadequate for describing our data and weakens the correlation between DM z and redshift. We do not find an anti-correlation of depolarisation measure with size. Some previous studies (Strom 1973; Strom & Jägers 1988; P89; Best et al. 1999; Ishwara-Chandra et al. 1998 ) find such an anti-correlation while another study does not (Dennett-Thorpe, 1996) . In most cases where there is a contradiction between our result and those presented in the literature, the differences can probably be attributed to different telescope resolutions and/or different observing frequencies. However, in the case of P89 and (Dennett-Thorpe, 1996) we have no ready explanation for the disagreement.
We also study the asymmetries between the two lobes of our sources and connections between different kinds of asymmetries. The results are somewhat inconclusive, but seem to favour relativistic beaming of the radio emission of the hotspots as the cause for the observed asymmetries.
We initially employ the commonly used model of B66 for the Faraday screens affecting the polarisation properties of our sources. However, as T91 points out, this 'standard' model only applies for observations in which the structure of the magnetic field of the Faraday screen is not resolved. We therefore use the more sophisticated models by T91 to derive estimates for σ RMz and DM z which we then compare with our observations. We find that only models for which the dispersion of the distribution of RM in the Faraday screens is a strongly increasing function of redshift can successfully explain the observations. All our results therefore point to a decrease in the order of the magnetic field in the Faraday screens with increasing redshift. If the structure of the magnetic field reflects the state of the gas in the source environments, then this finding implies that radio-loud AGN at high redshifts are located in more turbulent environments compared with their low redshift counterparts.
